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The objective of this study was to develop an efficient and economical 
extraction method for immunoglobulin Y (IgY) from egg yolk to make it in to a freeze-dried 
powered form. The objective was divided in to three major phases: 1) Economical 
preparation of egg yolk sample; 2) Choosing best conditions for purification of IgY; and 3) 
Scaling up the project and make the purified IgY in to freeze dried powered form. In order to 
get a clear layer of lipid free water-soluble proteins from egg yolk, we studied aten-fold 
water diluted egg yolk sample for the effect of duration of incubation at 4°C, and duration of 
centrifugation at two pH levels. We found there is no need of incubation at 4°C with a sample 
pH adjusted to 5.0 and centrifuge at 40008 for 30min. In the second phase, different methods 
of purification of IgY were tested. The methods studied were ultrafiltration, size-exclusion 
chromatography, DEAE sephacel anion exchange chromatography and CM-cellulose cation 
exchange chromatography. Among those methods studied CM-cellulose chromatography 
yielded the best results with high purity and high recovery rate. The method was simple, 
cheap and more reliable than any other methods. For the final phase of our project, we used 
the concentrated egg yolk supernatant using ultrafiltration and the concentrated IgY rich 
samples were further purified using CM-cellulose cation exchange chromatography, and the 
eluted sample was, concentrated using polyethylene glycol, and freeze dried to make 
powdered form of IgY that can be used for further studies. 
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INTRODUCTION 
Chicken egg is an excellent source of nutrients for humans because of high protein 
content and low cost and ready availability. Apart from its nutritional advantages it has 
several kinds of valuable components; immunoglobulins are major ones among them. 
Advances made in the poultry industry have made chickens an excellent source of daily 
nutrition. However, few scientists realize that chickens are excellent hosts for raising 
antibodies as well. If the immunological ability of chickens is more publicized, then more 
and more researchers will chose chicken as an antibody production host. 
There are three major categories of antibodies used for laboratory analysis; they are 
mammalian monoclonal antibodies, mammalian polyclonal antibodies and avian polyclonal 
antibodies. Mammalian antibodies have been used traditionally. For several decades, 
however, many researchers have recognized the advantages of using avian antibodies (Polson 
et al., 1980). The advantages of using avian antibodies include the cost of feeding and 
handling is considerably lower for chicken than for rabbits, and the avian antibodies have 
biochemical advantage over mammalian antibodies due to the phylogenetical difference 
between avian and mammalian species, resulting in increased sensitivity as well as decreased 
background in immunological assays. The amount of blood that can be collected from an 
immunized rabbit would be approximately 20 mL per week, and it is time consuming and 
painful for the animal. A laying hen produces five to six eggs per week with a yolk volume 
of approximately 15-20 mL, which would be equivalent of 200 mL of whole blood (Larsson 
and Sjoquist, 1993). Specific antibodies can be produced in chickens by immunizing them 
with antigens (Polson et al., 1985). Most of the chicken antibodies are found in blood and 
egg yolk, but the concentration of antibodies in egg yolk is higher than that in serum. 
Therefore, the laying hen is the ideal animal for the production of antibodies because 
antibodies can be collected from eggs (Otani et al., 1991; Hatta et al., 1993). 
If immunoglobulin (IgY) from egg yolk is isolated and purified, there is no limitation in 
its application, and its efficiency will also be increased. There are several publications on 
antibody purification methods. The method developed by Akita and Nakai (1992, 1993a) was 
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one of the most efficient methods for small- and large-scale separation of antibodies (IgY) 
from egg yolk and they suggested that an adjustment of pH to 5.0 concentration reduce the 
lipid content in the water-soluble protein fraction. The purity of IgY obtained by this method 
was 31 %with WD-SN (water diluted-supernatant). However, the lack of effective methods 
for large-scale isolation and purification of IgY limits this application. In order to get large-
scale production of IgY from hen egg yolk, many researchers studied different methods. 
(Fichtali et al. 1993) achieved 68%purity using a cation exchange method. 
We attempted to purify IgY in most economical and effective methods, where we could 
succeed in good purity and higher recovery rate of IgY using CM-Cellulose and MES buffer 
in an open chromatographic column. 
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LITERATURE REVIEW 
Leslie and Clem have proposed the name of immunoglobulin in egg yolk as IgY in 
1969. The authors showed experimental data proving that the IgY molecule is different from 
IgG (Leslie and Clem, 1969). The major serum antibody in chicken is IgG, but IgG is also 
transported to egg in a manner similar to the placental transfer of IgG in mammals. The 
protection of relatively immuno-incompetent newly hatched chicks from pathogens is 
through the transmission of antibodies from the mother via the egg. In the egg, chicken IgG 
is found mainly in egg yolk, and the concentration in egg white is very low. 
The molecular mass of IgY is ~ 180 kD (light chain ~25 kilo Dalton [kD] each: heavy 
chain ~ 65-68 [kD] each). Yolk antibodies are highly resistant to acid and heat (Losch et al., 
1986). Otani et al., (1991) compared the properties of IgY with those of rabbit senun IgG. 
Both antibodies lost little of their antibody activities by incubation for 10 min at pH 7.2 at 60 
°C or for 10 min at 40 °C above pH 4.0. However, their antibody activities were significantly 
diminished by incubation above 65 °C or below pH 4.0. Shimizu et al. (1994) studied the 
stability of IgY in aqueous solution and found that 30-50% (w/v) sucrose reduced the heat 
denaturation of IgY at 75-80 °C and a high concentration of sugar was also effective in 
retaining its activity under acidic conditions (pH 3.0) or high pressure (50,000 kg/cm2 at 60 
°C). 
In general terms, the antibody response will be improved as the phylogenetic 
difference between the immunized animal and the species providing the antigen increases. 
Because the evolutionary path of mammals diverged from that of birds a long time ago, 
chicken is often a better choice for antibody production than in mammalian animals when the 
antigen is of human or other mammalian origin. There is only one amino acid that differs 
between human and porcine insulin, but seven amino acids differ between human and 
chicken insulin. Chicken insulin will recognize more sites on the molecule as foreign, and 
more antibodies will bind to the molecule, which will result in an amplification of the signal 
in most immunoassays (Olovsson and Larsson, 1993). 
To raise antibodies in an animal, the host animal should be challenged with an 
antigen. A repeated exposure of antigen (immunization) elicits antibodies in the host animal. 
4 
These antibodies can be detected in serum by immunological methods such as ELISA and 
Western blotting techniques. Obviously, if the injecting substance is identical or similar to 
the host, it will be a poor immunogen, resulting in low or no antibodies. Many highly 
conserved proteins such as insulin and cytochrome c are poor antigens in hosts such as 
rabbits or goats. In some cases it may help to change the host animal as birds are more 
distant in evolution than some mammals. The fact that many mammalian proteins are less 
conserved in birds; therefore, chickens maybe more desirable as an antibody host. 
To ot~r knowledge, the egg ~s the most humane way of producing polyclonal 
antibodies. There is no need to bleed the chicken. Simply collect the eggs. 
~y using chickens, one can collect and store eggs over a long period of tune and retroactively 
purify the :I:gY from the eggs of. desired titre/avidity. 
gY i s a stable an.ti.body shar~.ng the .following char. acte.ri.sti.cs w1tl~. m.ammallan. IgG: 
Tl1 ey are 
• :Divalent; 
• Degraded by papain to yield divalent Fab fragment; and 
• ay be enzyme-labeled, biotin.ylated and gold—labeled. by standard procedl~res 
There are some crucial points of difference between IgG and IgY as shown in Figure 1. 
Fig. 1: The structural differences between mammalian IgG and avian IgY 
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Avian IgY is more resistant to heat, pH and ionic strength than IgG. IgY has no 
reactivity to mammalian auto-antibodies, Fc-receptors or Red Blood Corpuscles. In 
mammalian systems, these cross-reactions can be eliminated using avian-originated 
antibodies (AB). Serum IgY is identical to yolk AB as has been proven in comparative 
studies (Otani et al., 1991). The isolation and further purification of AB for different uses of 
AB has great potential. 
The importance of egg as a source of specific antibodies is well known. However, the 
major problem in isolating IgY is the removal of lipids, which are present in high 
concentrations. Several methods had been developed by employing water dilution and 
solvent extraction to separate yolk plasma proteins from the granules and lipids (Fichtali et 
al. 1993). 
Use of egg yolk antibodies is advantageous over conventional sources (Polson et al. , 
1985: Rose et al., 1974: Gottstein and Hmler, 1985). The high immunoglobulin content 
(approximately 10 mg/mL) in egg yolks (Otake et al., 1991), the ease of its collection, as 
well as the large quantities of chicken eggs available make chicken egg as a good source for 
IgY. Larsson et al. (1993) reported that chicken antibodies have biological advantages over 
mammalian antibodies due to the phylogenetical differences between avian and mammalian 
species, resulting in increased sensitivity as well as decreased background in immunological 
assays. Many researchers (Ramada et al., 1991; Hatta et al., 1993; Chang et al., 2000) have 
already developed chicken eggs with specific antibodies from immunized hens. 
Oral administration of antibodies has been successfully used to prevent specific 
diseases in infants, fish and small animals. Shimizu et al. (1993) reported that encapsulation 
of IgY with egg lecithin cholesterol liposomes reduced the activity loss of IgY under gastric 
conditions. So these immunoglobulins can be used in preventing gastro intestinal infection in 
individuals lacking in active immune response. Yolk antibodies were used to isolate IgG 
subclasses from milk, colostrums and whey (Akita et al; 1997). 
It has been estimated that five to ten million people in the developing countries die 
each year from diarrhea (Fedorak and Field, 1987). This diarrhea is mainly viral or bacterial 
in origin. When diarrhea occurrs in travelers in less developed countries, the main organism 
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is often enterotoxigenic Escher~ichia coli, which accounts for 30 - 70 % of reported cases 
(Tacket et al., 1988) 
Although antimicrobial agents could be used to prevent illness, the constant use of 
these drugs would not be advisable because of various side effects from the drugs. An 
acceptable microbial agent, if it is going to be used on a prophylactic basis, should have few 
or no side effects. 
Enhanced immunity due to oral admission of immunoglobulins has been observed by 
a number of researchers. Feeding vaccinated cow's colostrum prevented diarrhea in infants 
due to infection by E. coli (Brussow et al., 1987) and travelers diarrhea (Tacket et al., 1988). 
There were no side effects observed by Tacket et al. (1988) on using milk immunoglobulin 
concentrate as an effective prophylactic against traveler's diarrhea. 
Bade et al. (1984) extracted IgY from the dried precipitate of egg yolk using 
phosphate buffer. Fichtali et al. (1992) used an automated cation exchange chromatography 
system to separate egg yolk immunoglobulins from industrially separated egg yolk. Lee et al. 
(1988) studied the separation of immunoglobulins from bovine blood using polyphosphate 
precipitation and chromatography. Kim et al. (1996) developed a serial ultrafiltration system 
for separating immunoglobulins from egg yolk. Hansen et al. (1997) isolated IgY using 
thiophilic interaction chromatography. Kim et al. (1998) tried to separate IgY using 
ultrafiltration. Li-Chan et al. (1997) isolated yolk antibodies using lactoferrin by 
immunoaffinity chromatography and Antonio et al. (2000) purified IgY with affinity 
columns using a new synthetic ligand. 
Active IgY was isolated from egg yolk of chickens immunized with formalin treated 
E. coli (Shimizu et al., 1988). Mine (1997) separated Salmonella enteritidis from 
experimentally contaminated liquid eggs using chicken IgY immobilized immunomagnetic 
separation system. Tini et al. (2001) succeeded in generating antibodies against a -sub unit of 
hypoxia-inducible factor -1 (HIF-1) in chicken and its application. Sriram et al. (1999) used 
liposomal asialo GM 1 as a model immunogen for raising polyclonal IgY and improved 
recovery of immunoglobulin fraction from egg yolk. Erhard et al. (1992) developed specific 
ELISA for chicken immunoglobulins. 
Purified antibodies can be used in cosmetics to cure skin diseases caused by certain 
microorganisms, in an infant formulae (Otani et al. 1991) to prevent certain diseases or to 
spray on the surface of carcasses to prevent the growth of disease causing microorganisms. 
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MATERIALS AND METHODS 
Sample preparation and separation of water-soluble proteins from egg yolk: Eggs 
brought from a local poultry farm were broken and the yolk was separated from the egg 
white. Egg yolk was diluted 10 times with distilled water, and water-soluble and water 
insoluble components were separated using centrifugation. Combinations of different pHs 
(6.3 and S .0, adjusted with 0.1 N HCl), 6 sample holding times (0 h, 1 h, 2 h, 4 h, 8 h, and 24 
h at 4 °C), and 2 centrifugation times (30 min and 60 min at 4,000 x g) were tested to find the 
optimal conditions for the quality and quantity ofwater-soluble components from egg yolk. 
The water-soluble supernatant that contains IgY was separated from water insoluble part 
using the best sample preparation conditions selected and used for the rest of the work. 
Determination of protein concentration: The protein concentration in the supernatant was 
determined using the Bradford method (Compton et al., 1985). Samples were prepared in 
triplicates in such a way that each tube has 100 µl of the sample and 3 mL of Bradford 
Reagent. While adding the Bradford reagent (Sigma-Aldrich, St. Louis, MO), the test tube 
was vortex mixed gently to make sure of thorough mixing. The samples were incubated at 
room temperature for 5-40 min prior to measurement of the absorbance at 595 nm. 
Concentrating the sample: To concentrate IgY in the supernatant, ultrafiltration was 
applied using a millipore hollow fiber cartridge with a molecular weight cut-off size of 100 
kD. Before ultrafiltration, the sample was filtered through a Whatman No 1 filter paper to 
remove fine water-insoluble particles, which may obstruct the pores in the cartridge. The 
ultrafiltration process was done at a constant inlet pressure of 2S psi. The sample was run 
until it was SO times concentrated. After concentrating, the sample was filtered through a 
No.42 filter paper to reduce triglycerides and coarse particles. For concentrating small 
samples amicon centricones with cut off size 10 kD were used. 
Size-exclusion chromatography: Size-exclusion chromatography, where porous particles 
separate molecules of different sizes, was used to separate different protein fractions in 
water-soluble supernatant from egg yolk. Molecules that were smaller than the pore size can 
enter the particles and therefore have a longer path and longer transit time than larger 
molecules that cannot enter the particles. Sephadex 100G (Sigma-Aldrich, St. Louis, MO) 
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with a cut off size 150 kD was used for size exclusion chromatography; seven grams of 
Sephadex was weighed and about 200 mL of water was used to swell the resin for 72 h. 
Debris was removed and packed in a 63 mL column with 0.67 cm diameter and 45 cm long. 
The column was equilibrated with 200 mL of 50 rr~1VI phosphate buffer and 0.5 mL of sample 
was added to the column; 4 mL of the eluent was collected in each tube for 16 test tubes. 
Each tube had its protein concentration estimated by the Bradford method, and every 2nd 
sample was taken and the proteins were concentrated for SDS-PAGE. 
DEAE-Sephacel anion exchange chromatography: Anion exchange chromatography 
forms the largest group of ion exchange chromatography methods mainly because there are 
few alternatives with such simplicity, sensitivity or selectivity. The ionic properties of DEAE 
is dependent on pH, but it is sufficiently charged to work well as ion exchangers within the 
pH range 4 to 9 where most protein separations take place. Anion exchange chromatography 
was done on DEAE-sephacel (Sigma-Aldrich, St. Louis, MO) columns (1 x 5 cm). 
Experiments were carried out at room temperature. Five columns were prepared and 2 mL of 
DEAE-sephacel beads were added to each column, and equilibrated (five bed volumes used) 
with 25 mM Tris buffer (five different pH conditions 7.0, 7.5, 8.0, 8.5, and 9.0). A study was 
carried out to know the best elution condition of IgY from the column: a stepwise increase in 
the elution buffer concentration was used. Five samples of different pH (pH 7.0, 7.5, 8.0, 8.5, 
and 9.0) were prepared for respective chromatographic columns whose pH was adjusted with 
0.1 N HC1; 0.5 mL of sample was loaded to the respective columns, and washed with 2 mL 
of 25 mM Tris buffer, then 2 mL of 50 mM Tris buffer, each washing was collected in 
different tubes, like wise with 100 mM, 150 mM, 200 mM, 250 mM, 500 mM, 1 M, 2 M 
buffers were used to elute out the protein. The fractions were estimated for protein 
concentration; and IgY elution was good when 200 mM Tris buffer was used. A further study 
carried using a 200 mM Tris buffer and five pH levels 7.0, 7.5, 8.0, 8.5, and to 9.0 for elution 
and the equilibration and washing steps remain the same as in the previous study. The 
fractions were estimated for protein concentration, IgY activity and purity of interested 
protein. 
CM-Cellulose cation exchange chromatography: Cation exchange chromatography was 
done on pre-swollen CM-cellulose (Sigma-Aldrich, St. Louis, MO) columns (1 x 5 cm). 
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Experiments were done at room temperature. Four columns of different pH level (5.5, 6.0, 
6.5, and 7.0) were prepared with 2.5 mL of CM-cellulose in each column. The columns were 
equilibrated with 12.5 mL (Sx vol. of column) of (20 mM) MES [(2-(N-morpholino)-
ethanesulfonic acid] buffer (Sigma-Aldrich, St. Louis, MO) at appropriate pH levels (pKa of 
MES buffer was 6.1). Different pH combinations of wash buffer (20 mM) and elution buffer 
(200 mM) were used. 
The proteins eluted were concentrated using Polyethylene glycol if the volume was 
200 mL, for smaller volumes centricones of 10 kD cut-off size were used (here the 
concentration of the protein was not regulated between the centricones because of different 
flow rates of each centricone, but still we can compare the relative amount of each protein in 
each lane or each sample when loaded in SDS-PAGE). 
In our first study, the binding and elution properties of IgY protein at four different 
levels of pH (5.5, 6.0, 6.5, and 7.0) were studied. Further a study was carried out to maximize 
the release of bound protein in elution step with a higher pH level buffer than the wash buffer 
used for the column, and it worked well. Further we focused on the better elution condition 
of IgY with a fixed binding condition at pH 5.5 (20 ~) MES buffer, since from our earlier 
studies we believed that the binding of IgY was good close to pH 5.5, the elution buffer pH 
was 5.5, 6.0, 6.5, and 7.0. With the results we obtained in the previous study we have chosen 
the elution of IgY was best at pH 6.5 and finally to refine the binding condition of IgY as it 
was close to pH 5.5. Six pH levels were tried from pH 5.0 to 6.0 (i.e., 5.0, 5.2, 5.4, 5.6, 5.8, 
and 6.0) with an eluting salvent of 200 mM MES in buffer at pH 6.5, which produced of 
buffer salt that was of acceptable IgY purity. When the column was eluted with higher 
concontration~1000 mM of NaCI to recover the maximum IgY at the elution step, there was 
an increase in the amount of impurities eluting along with IgY, which was not fruitful. 
SDS -- PAGE: Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) 
under the non-reducing conditions (Kim et al., 1996) was carried out using Mini-
PROTEIN®3 Ce11(Bio-Rad Lab., Hercules, CA). A 7 or 8 % of running gel and a 4% 
stacking gel was prepared depending on the requirement. The protein was stained with a 
Coomassie brilliant blue R-250 (Sigma-Aldrich, St. Louis, MO) in 10% acetic acid, 30% 
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methanol. The molecular size markers used were ranged from 10 kD to 250 kD (Bio-Rad) to 
evaluate the columns. 
Western blotting: The specificity of the extracted IgY was determined with a Western blot 
(Murata et al., 1996). The samples collected from the ion exchange chromatography were 
carried out with a sample buffer without 2-mercaptoethanol, and SDS-PAGE. The proteins 
were transferred from the gel to a nitrocellulose membrane (Bio-Rad) (Fig. 6) and the 
process taken 8 hr at 30 mAMP. The transfer buffer was made according to suggestions of 
the manufactur suggestions. Alkaline phosphate conjugated antichicken IgG was used as an
antibody to react with IgY. The color developing kit used was an Alkaline Phosphate 
Conjugate Substrate Kit (Bio-Rad). PBS-Tween (1% Tween 20) buffer was used for all 
washings, and a blocking step was done using 3%non-fat dry milk in PBS-Tween buffer. 
ELISA: The purified IgY at each stage was used as antigen antichicken antigen was used as 
antibody. Immulon I micro titer 96 well plates were used as the solid support (Shimizu et al., 
1988). Wells were coated with 100 µL of antigen in coating solution and incubated over 
night at 4 °C. Plates were washed properly three times with PBS-Tween (0.05% Tween 20), 
followed by blocking solution using 300 µL of 1 %bovine serum albumin for lhr at room 
temperature, followed by a washing step. The plates were incubated with 1: 10,000 diluted 
antichicken IgG (alkaline phosphatase conjugate) in PBS (Sigma-Aldrich, St. Louis, MO) 
100 µL per well followed by the washing step. Alkaline phosphatase yellow (pNPP: p-nitro-
Phenylphosphate) liquid substrate was used as the color developer at S0µ1 per well. The 
reaction was stopped by the addition of 50 µL 3 N NaOH. For each plate, three controls were 
prepared, one positive control with chicken IgG reagent grade (Sigma-Aldrich, St. Louis, 
MO), anon-specific antigen BSA as another control and a negative control without antigen. 
Absorbance was read at 405 nm. 
Scale up study: After confirming a good purity and recovery rate, we started scaling up the 
project with a 5 0 mL column bed volume. The conditions used for CM-cellulose cation 
exchange chromatography were: equilibration and wash buffer of 20 mM of MES buffer at 
pH 5.4 and an elution buffer of 200 mM of MES buffer at pH 6.5. The column was 
equilibrated at least with five times the volume of bed with equilibrating buffer. The sample 
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that was concentrated by ultrafiltration was applied to the column. The washing step 
followed using at least five bed volumes of solvent. Elution of the column was done with 150 
mL of elution buffer. 
The purified IgY in 150 mL eluent was checked for its purity with SDS-PAGE and its 
activity with ELISA followed by dialysis. The dialysis tubing (cellulose membrane), average 
flat width was 25 mm, average diameter was 16mm (Sigma-Aldrich, St. Louis, MO) having a 
cut off size 12 kD was used. Two stage dialysis were done: first stage involved dialyzing 
solution was 3 mM Phosphate buffer which can replace the 200 mM of MES buffer from 
dialysis agent the chromatography column; while, the second stage dialyzing solution was 
de-ionized water to replace the 3 mM phosphate buffer. Both stages were carried out for 
24hours with buffer replacement at 8 hours intervals. 
In order to concentrate the purified IgY we used 15 kD PEG (polyethylene glycol}; 
which can remove the moisture from the dialysis bag. The dialysis bag was placed in a flat 
container and the PEG covered the surface, once the volume of the fluid in the bag reached 
15 mL the sample was transferred in to a small container and freeze dried, where it was kept 
at -80 °C for 72 h. Held at room temperature for a limited period of time, makes it into 
powdered IgY. 
13 
RESULTS AND DISCUSSION 
We have developed a method to purify IgY that is reliable as well as scalable to large 
scale production that is economical. Having studied different chromatographic methods in 
purification of IgY, we concluded that the best results were with cation exchange 
chromatography; a recovery rate of --~82% and purity above 85%was obtained at a binding 
condition with MES buffer of 20 mM concentration at pH 5.4 and elution with MES buffer 
of 200 mM concentration of pH 6.5. Although there was good recovery (44-62%) and purity 
(< 60%) obtained with anion exchange chromatography, it was not up to the standard as we 
anticipated. 
Effect of Dilution 
Egg yolk contains two essential components called granules and plasma proteins. 
Granules made of lipoproteins and phosvitin dispersed in a soluble plasma protein fraction of 
livetins and low-density lipoproteins. The sample prepared for antibody separation was 
diluted l Ox with water to separate the plasma proteins from the granular proteins, since the 
egg yolk granules were found to aggregate with dilution. The levitins in the supernatant 
could then be recovered either by centrifugation or filtration because Y-livetin was believed to 
be IgY (Polson et al., 1980) 
Egg yolk can be separated by centrifugation into a pellet containing granules and a 
supernatant (plasma). Granules are composed of 70% a- and ~3- lipovitellins, 16% phosvitin, 
and 12% low-density lipoproteins. Plasma is composed of a globular protein, livetin (a--, ~i-
and y-) and low-density lipoproteins. A preliminary filtration of 10:1 water diluted egg yolk 
sample at pH S.0 through No. 42 filter paper yielded a clear supernatant containing our 
desired protein IgY without clogging, which could be used for further studies. 
Delipidation of WSF (water soluble fraction) 
Phospholipids are the major lipid in egg yolk lipids (Kwan et al., 1991) and the 
phospholipid content of the WSF was monitored in the filtrates. Phospholipid contents can be 
lowered with funnel-filtered samples (Kim et al., 1996). 
Effect of incubation and centrifugation 
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Samples of different pH (5.0 and 6.3) were incubated for 6 different durations (0, 1, 2, 
4, 8 and 24 hrs) and centrifuged for two different durations (30 min and 60 min) at 4,000 x g, 
and the protein concentration was determined at 595 nm (Bradford method). There was no 
significant difference in the quantity (Figure 2) and the quality (Figure 3) of proteins. Figure 
2 shows a lowered protein concentration of the sample at pH 6.3 in both the samples of 
centrifugation for 30 min and 60 min at 4,000 x g because of interference of the lipid portion 
of the water-soluble fraction. Akita et al. (1992) reported that water-soluble fraction of egg 
yolk was almost devoid of lipids at mild acidic conditions (pH 4.6 to 5.2). In fresh eggs, 
lipids are noncovalently bound to proteins, which increased the duration of incubation if the 
pH is not lowered. 
However, no change in the protein profile (Figure 3) with adjustment of pH to 5.0 
was detected. Increasing the duration of incubation or centrifugation time had no effect on 
the type and amount ofwater-soluble protein in the supernatant. As both are expensive for a 
large-scale production in industry, it would be better to go for cost effective purification by 
reducing the duration of incubation and centrifugation time to 0 h (no need of incubation) 
and refrigerated centrifugation at 4,000 x g for 30 min for the egg yolk sample adjusted to pH 
5.0. 
Size-exclusion chromatography is faster recovery method compared to many other 
chromatographic methods, but separation of egg yolk proteins molecules according to their 
molecular size was not satisfactory (Figure 4) and the volume that can be handled with this 
method is very small. 
Anion exchange chromatography 
In anion exchange chromatography, the pH-adjusted protein samples were applied to 
columns, washed with 25 mM Tris buffer at the different pH levels (7.0, 7.5, 8.0, 8.5 and 9.0) 
and eluted with 200 mM Tris buffer at respective pH levels (7.0, 7.5, 8.0, 8.5 and 9.0). The 
protein concentration of the eluents collected from each fraction were estimated by the 
Bradford test (Figure 5), the graph has two distinctive peaks, which means a clear separation 
of proteins. The amount of proteins lost in the washing step was more than that of the 
proteins recovered in the elution step. However the proteins lost in the washing step include 
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not only the target protein (IgY), but also many impurities from the water-soluble fraction. 
The sample eluted at 200 mM concentration at pH 8.0 conditions showed better recovery 
(62.01%) of total proteins than any other pH conditions that were used for anion exchange 
chromatography. The recovery of the proteins from each column in this type of 
chromatography ranged from 44-62% (Table 1). The SDS-PAGE (Figure 6) shows that the 
eluent obtained only at 200 mM concentration and at pH 8.0 has relatively high-purity IgY 
(60%) and rest of them were not desirable, with < 60%purity from this anion exchange 
chromatography. Similar results were reported by McConnell and Nakai (1990). 
The activity of IgY was tested using ELISA (Figure 7), which also suggested that the 
proteins eluted out at 200 mM concentration pH 8.0 had the highest activity. Since the purity 
of IgY was good in the fractions, the color development was also good. 
Cation-exchange chromatography 
Since the results with the anion exchange were not so satisfactory, and the isoelectric 
point of IgY lies between pH 5.7 and pH 7.6, we predicted a better purity could be obtained 
if the pH of the elution buffer is close to pH 6.0, and planned to go for aCation -exchange 
chromatography. The study was carried out at different MES [(2-(N-morpholino)-
ethanesulfonic acid] buffer pH levels, ranging from 5.0 to 7.0 with Carboxymethyl-cellulose 
(CM-cellulose). In the first cation exchange study we tried to determine the effective binding 
and elution conditions for the desired protein. The columns were equilibrated with 20 mM 
MES buffer and eluted with 200 mM of MES buffer. Figure 8 shows the amount of protein 
coming out of the column at washing step and elution step of the chromatography: the first 
steep peak was unbound proteins, which were washed out and the second was the IgY-rich 
peak. Among the buffers tried, the fractions collected at pH 5.5 washing buffer have the 
lowest protein concentration, which suggests that the loss of protein was less, and the 
fractions collected at pH 6.5 elution step have the highest protein concentration. This 
indicates a good recovery of proteins (59.87-82.20) from the water-soluble fraction (Table 1) 
ELISA (Figure 9) was used to estimate the activity of IgY for the fractions collected 
from the Cation exchange: it reconfirms that the loss of IgY was minimal when the wash 
16 
buffer pH was S.S at 20 mM concentration and the activity of IgY was maximum when the 
protein was eluted at pH 6.5 at 200 naM concentration 
SDS-PAGE for the fractions from cation exchange column was shown in Figure 10. 
The binding conditions for IgY were the best at pH 5.5 and elution of IgY was good at all pH 
levels with a high concentration (200 rr~1VI) of the buffer. At pH 5.5, however, some of the 
IgY was lost in the washing step, and as the pH level increased the loss of IgY increased 
steadily. Elution with pH 6.5 buffer minimized the impurities in the final eluent. 
We observed, a good binding of IgY at pH 5.5 occurred when the column was 
equilibrated and washed with 20 mM of MES buffer. Further, to refine the elution condition 
of IgY, a study was carried out (Figure 11) where we used a fixed binding condition (20mM 
concentration at pH 5.5) and tried to elute out the proteins with 200 mM concentration at pH 
levels of 5.5, 6.0, 6.5, and 7.0. Among these comparisons the protein fraction eluted at pH 
6.5 shown the least impurities along with the IgY. 
The earlier experiment suggested a reliable releasing condition for IgY with the least 
impurities oocured with 200mM. MES buffer at 6.5 pH. To reconfirming the repeatability of 
IgY binding and releasing condition, we fixed the releasing condition to 200 mM of MES 
buffer at 6.5 pH and tested four binding conations at pH 5.5, 6.0, 6.5 and 7.0 at 20rriM 
concentration (Figure 12). Among those four binding conditions we tested there was one best 
binding condition at pH 5.5 with 20 naM of MES buffer, which was similar to the first 
experiment in cation exchange chromatography. We continued eluting the same columns 
with higher concentrations of salt at 1000 mM of NaCI at pH 6.5 to know if we could 
improve the recovery rate of IgY, although almost all of the bound IgY could be eluted with 
NaCI, there was a decrease in the purity of IgY (lane 9 Figure 12), which implies that an 
increase in salt concentration in the elution step would adversely affect the purity of IgY. 
Based on these results, the binding of IgY was very good close to pH 5. S and the elution was 
best at pH 6.5 (200 mM) as compared to other conditions studied. The ELISA results (Figure 
9), indicate that the protein fraction collected at the washing step of pH 5.5 show a little (0.13 
ng/µL) loss of IgY. In order to reduce the loss of IgY in this particular stage, another study 
was conducted to refine the binding condition of IgY for which a 0.2 pH difference of 20 
mM MES buffer was used from pH 5.0 to 6.0, keeping the elution of proteins at 200 mM of 
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MES buffer at pH 6.5, which reveals that the condition of IgY binding to CM-Cellulose was 
best at pH 5.4 (Figures: 13a and 13b). There was almost no loss of IgY in the washing step 
and there was barely less than 5 % impurities in the elution stage. The activity of IgY 
collected from this experiment was tested using ELISA (Figure 14). Since the Ioselectric 
point of IgY is 5.7-7.6 (Davalos et al., 2000) binding of this protein was good at < pH 5.7 
and elution was good slightly above its binding pH level. The purity of IgY was determined 
by measuring the thickness of bands on SDS-PAGE, which was 85% and above at this 
elution condition. The final purification method was repeated three times until we obtain 
similar results, and it was reliable, economical and efficient; we hope this method can be 
scaled up and applied at the industrial level. Fichtali et al. (1993) obtained ~68%purity using 
automated chromatography system. 
Activity of IgY 
ELISA (Figures. 14 and 16) and western blot (Figure 15) were used to study the 
activity of IgY produced by different methods. Since the eggs used for this work were laid by 
hens not immunized against any specific antigen, there was a need to find a suitable marker 
for activity of IgY. 
We obtained antichicken antibody raised against chicken immunoglobulins from 
Sigma chemicals (St.Lous, MO). The results showed that IgY produced by the different 
purification schemes demonstrated similar antigen binding activities. 
Scale up study 
The best binding and elution conditions chosen from the previous experiments were 
applied to scale up the project at least ten times. The 10:1 water diluted egg yolk sample was 
concentrated using ultrafiltration. The purity and activity of IgY (Figure 16) was monitored 
at each step. The IgY-rich fraction from the column was dialyzed to get rid of the MES 
buffer. The dialysis tube could retain the molecules of 12 kD and above, and it lost the MES 
buffer easily removed from the tubing in the two consecutive steps dialysis as described 
earlier. The concentrated IgY-rich fraction was evaluated for purity and activity, and then 




For an economical purification of IgY from hen egg yolk, the yolk sample was 10:1 
diluted with distilled water, and its pH was adjusted with 0.1 N HC1 to pH S.0 followed by 
centrifugation for 30 min at 4,000 x g. The supernatant was collected and applied to a CM-
Cellulose Cation exchange chromatography column equilibrated and washed with (20 mM, 
pH 5.4) MES buffer. The IgY was eluted off the column with 200 mM MES buffer at pH 6.5. 
The IgY-rich fraction was dialyzed to eliminate the MES buffer and polyethylene glycol was 
used to concentrate the IgY. Freeze-drying the fraction yielded 88%pure IgY with a 
recovery rate of 86% (Figure 17). 
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PICTURES 
Figure - 2. The effect of duration of incubation, pH of the sample and the duration of 
centrifugation at 4,000 x g on the protein concentration. 
Effect of incubation ,centrifugation and pH on water soluble 
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Figure - 3. SDS-PAGE for water-soluble fraction of egg yolk sample 
Figures - I &III - at pH 5.0 and Figures - II & IV - at pH 6.3. Figures - I & II -centrifuged 
for 30 min and Figures -III & IV -centrifuged for 60 min at 4,000 x g. 
Lane 1 -samples incubated for 0 hr, lane 2 - 1 hr, lane 3 - 2 hr, lane 4 - 4 hr, lane 5 - 8 hr and 

























2 3 4 
II 
















Figure - 4. The elution profile of IgY from the size-exclusion chromatography. 




















~ Tris buffer at 50mM 
5 10 15 20 
Fractions collected 
Figure - 5. DEAE anion exchange chromatography using Tris buffer: fractions 1 to 5 were 
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Figure - 6. SDS-PAGE for DEAF anion exchange chromatography using Tris buffer: Lane 1 
- whole sample, lanes 2 to 6 -the proteins eluted out from the buffer pH 7.0, 7.5, 8.0, 8.5 and 
9.0 respectively and lane 7 -molecular size marker. 







Figure -7. ELISA for DEAE anion exchange chromatography using Tri buffer: 
fractions 1 to 5 were washed out proteins with 25 mM, and fractions 6 to 10 were proteins 
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Figure - 8. CM-Cellulose Cation-exchange chromatography using MES buffer: 
fractions 1 to 5 were washed out proteins with 20 mM, and fractions 6 to 10 were proteins 
eluted with 200 mM MES buffer. 
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Table 1. IgY recovery 
A. Anion Chromatography 
Buffer pH 7.0 7.5 8.0 8.5 9.0 
IgY Recovery % 44.05 46.19 62.01 52.60 47.47 
B. Cation Chromatography 
Buffer pH 5.5 6.0 6.5 7.0 
IgY Recovery % 59.87 65.43 82.20 69.28 
Figure - 9. ELISA for CM-Cellulose Cation-exchange chromatography using MES buffer: 
fractions 1 to 5 were washed out proteins with 20 mM MES, and fractions 6 to 10 were 
proteins eluted with 200 mM MES elution buffer. 
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Figure - 10. SDS-PAGE for Cation-exchange chromatography using CM cellulose and MES 
buffer. Lane 1 - a whole sample, 2 - IgG, lanes 3 to 5 -proteins washed out with (20 mM) 
MES buffer at pH 5.5 (Figure I), 6.0 (Figure II), 6.5 (Figure III) and 7.0 (Figure IV). Lanes 6 
to 9 -proteins eluted with (200 mM) MES buffer at pH 5.5 (Figure I), 6.0 (Figure II), 6.5 
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*Rectangle box: A) IgY eluted with elution buffer, B) Impurities eluting along with IgY, and 
C) IgY lost during washing stage. 
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Figure - 11. SDS-PAGE results for Cation-exchange chromatography using CM-cellulose 
and MES buffer. Lane 1 -whole sample, lanes 2 to 5 -proteins washed out with (20 mM) 
MES buffer at pH 5.5 (Figures I, II, III and IV), lanes 6 to 9 -proteins eluted with (200 mM) 
MES buffer at pH 5.5 (Figure I), 6.0 (Figure II), 6.5 (Figure III), 7.0 (Figure IV) and lane 10 
- molecular size markers used to locate the IgY band. 
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*Rectangle box A) IgY eluted with elution buffer, B) Impurities eluting along with IgY 
(which is undesirable), and C) IgY lost during washing stage. 
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Figure - 12. SDS-PAGE results for cation-exchange chromatography using CM-cellulose 
and MES buffer. Lane 1 -whole sample; lanes 2 to 5 -proteins washed out with 20 mM MES 
buffer at pH 5.5 (Figure I), 6.0 (Figure II), 6.5 (Figure III), 7.0 (Figure IV) lanes 6 to 
8 -proteins eluted with (200 mM) MES buffer at pH 6.5, lane 9 -proteins eluted with 1000 
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*Rectangle box A) IgY eluted with elution buffer, B) Impurities eluting along with IgY 
(which is undesirable), and C) IgY lost during washing stage. 
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Figure - 13a: SDS-PAGE results for cation-exchange chromatography using CM-cellulose 
and MES buffer. Egg yolk sample used was at pH 5.0. Lane 1 -whole sample, lanes 2 to 5 -
proteins washed out with 20 mM MES buffer at pH 5.0 (Figure I), 5.2 (Figure II) 5.4 (Figure 
III), 5.6 (Figure IV). Lanes 6 to 9 -proteins eluted with (200 mM) MES buffer at pH 6.5 and 
lane 10 -molecular size markers used to locate the IgY band. 
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*Rectangle box A) IgY eluted with elution buffer, B) Impurities eluting along with IgY 
(which is undesirable), and C) IgY lost during washing stage. 
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Figure - 13b. SDS-PAGE results for cation-exchange chromatography using CM-cellulose 
and MES buffer. Egg yolk sample used was at pH 5.0. Lane 1 -whole sample, lanes 2 to 5 -
proteins washed out with 20 mM MES buffer at pH 5.8 (Figure V), 6.0 (Figure VI) lanes 6 to 
9 -proteins eluted with (200 mM) MES buffer at pH 6.5 and lane 10 -molecular size 
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*Rectangle box A) IgY eluted with elution buffer, B) Impurities eluting along with IgY 
(which is undesirable), and C) IgY lost during washing stage. 
Figure - 14. ELISA results for CM-cellulose Cation-exchange chromatography using MES 
buffer: fractions 1 to 5 were washed out proteins with 20 mM, and fractions 6 to 10 were 
proteins eluted with 200 mM buffer. 
30 





















1 2 3 4 5 6 7 8 9 10 
Fractions collected 
—~— 5 and 6.5 
-~~~~~ 5.2 and 6.5 
—~— 5.4 and 6.5 
—~ 5.6 and 6.5 
~ 5.8 and 6.5 
--~— 6.0 and 6.5 
31 
Figure - 15. Western blot using IgY and alkaline phosphate conjugated antichicken IgG. 
Lanes 1- 4 -Samples eluted in MES buffer at 200 mM pH 6.5 and lane 5 and 6 -whole 
water-soluble protein fraction. 
_ IgY 
1 2 3 4 5 6 
Figure - 16. ELISA for CM-cellulose cation-exchange chromatography using MES buffer: 
fractions 1 to 5 are washed out proteins with 20 mM, and fractions 6 to 10 are proteins eluted 
with 200 mM buffer. 

























Figure - 17. Flow chart showing the %purity and %recovery of IgY at different stages 
10 times diluted waster soluble fraction (WSF) 
Concentrating step (Ultrafiltration/centricone) 
44-62% 
40.00% 
Anion exchange Cation exchange 
Note: %Purity of IgY 
Recovery of IgY 
80-90% 
60-82% 
Dialysis and freeze-dried product 
86.00% 
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